Comparison of simulated versus observational profiles of selected trace gases
In this section [HNO 3 ], [NO x ], [HO x ] and [O 3 ] profiles from simulations BA, DA and WA are compared to observational profiles of Emmons et al. (2000) . The observational profile data are composites for different regions and campaigns. For this study we only selected data from near the year 2001, as listed in Table S1 . The simulation data were sampled according to the observational region and time of year, but not at the exact location and time of the individual measurements that entered the observational composite data. Mean values were calculated from all model output steps in the given time range. Furthermore the observational profiles have been mostly compiled from different years than the simulation year 2001. The comparison is considered a climatological one. However, each simulation profile and each observational profile is based just on a few of days of data from a single year. Thus this comparison may only give an overall idea if the order of magnitude of the above trace gas mixing ratios is realistic in the simulations.
The observational data of Emmons et al. (2000) are limited to the altitude range below 11 km (Fig. S1 ). Thus differences between [HNO 3 ] profiles from simulations BA, DA and WA are generally small. Some model data are lower than the corresponding observations, some are higher. At least the extreme values do always overlap. HNO3 is subject to scavenging, which strongly depends on local events like convection and rain. Individual scavenging events differ between model and observations, and may print through due to the short sampling periods.
Furthermore, the heterogeneous reaction N 2 O 5 + H 2 O → 2HNO 3 is calculated on all aerosol surfaces, throughout the atmosphere. However, in the troposphere N 2 O 5 is rather converted into aqueous-phase NO 3 -, but not released as gaseous HNO 3 (Jöckel et al., 2010) . On the other hand, NO 3 -is potentially interpreted as HNO 3 in measurements (Keene et al., 1998) .
Since HNO3_tot in Fig. 1 Figure S1a. Comparison of HNO 3 mixing ratio profiles as listed in Table S1 . Humidity effects might be slightly underestimated, because all water vapour leading to relative humidity higher than 100 % is immediately transferred into clouds.
A more detailed analysis of the spatial and temporal patterns for the relevant reaction rates (rate coefficients and concentration of educts) would be necessary to fully understand the observed sensitivity patterns. This might be warranted once reaction R2 and its rate coefficient are fully accepted. (Fig. 1b) . According to Eq. 5 humidity should always enhance the effects of R2 (given 0 > α ). Possibly the humidity effect is negligible at this altitude, and enhanced ozone loss from below the zone of no change in zonal mean mixing ratios prints through via atmospheric transport. More aspects of the effects on ozone are discussed in section 3.5 of the main paper. Reactive nitrogen (NO y ) mixing ratios decrease throughout the troposphere, when considering R2, but start to increase above about 20 km (Fig. S6) . Relative effects are essentially confined to the troposphere, where zonal annual mean [NOy] decreases by up to 27 %.
In addition to the overall [NO x ] decrease (Fig. 1b, section 3 .5), reaction R2 shifts the NO/NO 2 ratio towards NO throughout the troposphere and UTLS (Fig. S7) . The lower NO x background created by R2 seems to slow down OH-and NO 2 -formation by R1, because the OH/HO 2 ratio is also being shifted towards the educt of R2. show absolute (WA-BA) and relative deviations when including the HNO 3 -forming channel with a rate coefficient depending on pressure, temperature and humidity (simulation WA). The plots are cut at 1 hPa to zoom into the region of interest, although the uppermost model level is at 0.01 hPa. The white dotted line shows the climatological tropopause according to Eq. 8.
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Chemical effects of aviation [NO x ] on [HO 2 ]
The relative [HO 2 ] response (not pictured) is nearly identical in ∆B, ∆D and ∆W, reaching - 
Why is R2 enhancing the effects on [OH] and [O 3 ]?
For the current study we do not attempt a thorough analysis, and note selected aspects only. [NO x ] may make the coupled catalytic cycles involving those species more sensitive to additional NO x , which is more of a limiting factor in ∆D and ∆W. Simulations BA, B0, WA and W0 were repeated for short periods of time to diagnose the rates of the main reactions affecting the HO x and NO x catalytic cycles. Reactions with HO 2 as educt become less effective above 7 km and more effective below. All other reactions are enhanced by aviation NO x . The rates of all reactions involving OH, HO 2 , NO or NO 2 as an educt are more affected by aviation NO x in ∆B than in ∆W. Aviation NO x increases NO x mixing ratios absolutely more in ∆B than in ∆W, while the relative response is stronger in ∆W. Relative differences between reaction rates in ∆B and ∆W are small, except for the reactions involving OH as an educt. The reactions R4, O 3 + OH → HO 2 and NO 2 + OH → HNO 3 are much more enhanced by aviation NO x in sensitivity block ∆B than in ∆W. Particularly the relative [OH] response to aviation NO x is stronger in ∆W, because the main OH loss reactions are weaker in ∆W than in ∆B. Ozone destruction by O 3 + OH → HO 2 is enhanced in response to aviation NO x in general. The reaction of OH with O 3 is less effective in an atmosphere with R2, due to decreased OH availability. Thus less ozone is destroyed, leading to a stronger ozone signal in sensitivity blocks ∆D and ∆W, compared to sensitivity block ∆B. In turn, more OH is formed by photolysis of the additional ozone, also causing a bigger [OH] perturbation in ∆W. However, the above should be regarded as preliminary ideas that might help to design a thorough analysis. Gierczak et al. (1997) , Atkinson et al. (2003) , IUPAC (2007) and Sander et al. (2011) all depend just on temperature. Some studies also provide a value of the rate coefficient at 298 K, which may have a different uncertainty range than formulations with temperature as a parameter would yield at 298 K. The above formulation has been derived from the more accurate formulation of Gierczak et al. (1997) , which is valid for the temperature range 195 K to 296 K:
Rate coefficient of CH 4 + OH → CH + OH
This formulation is also recommended by Atkinson et al. (2003) , which is used in this study.
The uncertainty at 298 K is estimated to be ±20 % (Atkinson, 2003) , which is different to the uncertainties given by Gierczak et al. (1997) . Sander et al. (2011) 
Uncertainty ranges at 298 K are summarized in Table S2 . The temperature dependent formulations (Eq. S1, S2, S3) are plotted in Fig. S8 . Their impact on methane lifetime and global mean OH concentration in simulations BA, DA, WA is summarized in Table S3 . The recommended temperature dependent rate coefficients ( best 4 CH k ) of the different studies agree remarkably well (Fig. S8) 
